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ABSTRACT
IMPROVING IRRIGATION SCHEDULING AND WATER USE EFFICIENCY IN COTTON
Cotton (Gossypium hirsutum L) is  an important crop in the 
southern United States. The crop is  grown in both i r r ig a te d  and 
ra in fed s i tua t ions  and is seldom free from periods of  water 
shortages at some stage during the season. In recent years the 
need fo r  consistency in y ie lds  and a stable cash f low has resul ted 
in a rapid expansion in the number of  i r r ig a te d  acres of  cotton in 
the Mississippi Delta. I r r i g a t io n  research has, however, not kept 
pace wi th th is  expansion. This pro ject represents a s ta r t  at 
meeting th is  urgent need. The inf luence of  weather patterns 
necessitates tha t  these studies be conducted over several years, 
and the resu l ts  given here are, therefore , only prel iminary 
observations. The early  termination of  i r r i g a t i o n  has not r e s u l t ­
ed in any s ig n i f i c a n t  decrease in y ie ld  or l i n t  q u a l i ty  on the 
Sharkey clay,  although there was a s l ig h t  detr imental trend when 
i r r i g a t i o n  was terminated too early  in August. These studies have 
helped to c l a r i f y  the re la t ionsh ip  between so i l -mois ture d e f i c i t  
and plant  stress, especia l ly  as re la tes to y ie ld ,  fo r  cotton 
cropped on a Sharkey clay s o i l .  Evaluation of  crop ind icators of 
water d e f i c i t  showed that le a f  water potentia l  and the air-canopy 
temperature d i f f e r e n t i a l  are re l ia b le  ind ica tors of  the onset of  
water st ress. Leaf extension growth is  also a sensi t ive i n d i ­
cator,  but of  no pract ica l  value in i r r i g a t i o n  management. With 
fu r th e r  research, lea f  water potentia l  and canopy-air temperature 
d i f f e r e n t i a l s  could provide useful ind icators fo r  use in conjunc­
t ion  with t ra d i t io n a l  methods of  scheduling i r r i g a t i o n  fo r  cotton 
in the humid mid-south. A bet ter  understanding of  the i r r i g a t io n  
requirements o f  the crop w i l l  improve management and w i l l  have a 
very s ig n i f i c a n t  d o l la r  reduction in the cost of  production of the 
crop.
D.M. Oosterhuis
Completion Report to the U.S. Department of  the In te r io r ,  Reston, 
VA, December, 1989
Keywords --  I r r iga t ion /W ate r  stress/Evapotranspirat ion/Water use 
e f f ic ie ncy
i
TABLE OF CONTENTS
Page
Abstract ......................................................................................................  i
L is t  o f Figures ........................................................................................  i i i
L is t  o f Tables ..........................................................................................  i i i
In troduction  ..............................................................................................  1
A. Purpose and Objectives ..............................................................  3
B. Related Research and A c t iv i t ie s  ............................................  4
Methods and Procedures ..........................................................................  7
A. Soil moisture d e f i c i t  and plant response .......................... . 7
B. Plant ind ica to rs  o f the onset o f water stress ................  8
C. Optimum tim ing o f the la s t  i r r ig a t io n  ................................  9
Princ ipa l Findings and S ignificance ................................................  10
A. The re la t io n sh ip  between so il moisture d e f ic i t
and p lant water stress fo r  cotton cropped
on Sharkey clay so i l  ..............................................................  10
B. Evaluate a lte rn a t ive  scheduling methods on cotton ........  11
C. The optimum tim ing o f the la s t  i r r ig a t io n  o f
cotton in re la t io n  to y ie ld  and l i n t  q u a l i ty  ..............  14
Conclusions ................................................................................................  16
L ite ra tu re  Cited ......................................................................................  20
i i
LIST OF FIGURES
Page
Figure 1 The e f fe c t  o f increasing water d e f i c i t  on 
cumulative le a f  extension, le a f  water 
p o te n t ia l ,  and c ro p -a ir  temperature d i f f e r e n t i a l . . .  18
Figure 2 The re la t ion sh ips  between le a f  water po ten tia l
and stomatal res istance, and le a f  water po ten tia l 
and c ro p -a ir  temperature d i f f e r e n t ia l s ......................  19
LIST OF TABLES
Page
Table I Cotton y ie ld s  as affected by varying so il
moisture d e f i c i t ................................................................... 11
Table I I  Summary o f seed cotton y ie ld  as affected 
by the tim ing o f the la s t  i r r ig a t io n  at 
Keiser, Arkansas during 1988 and 1989........................  14
Table I I I  Components o f y ie ld  fo r  i r r ig a t io n  term ination
study. Keiser, Arkansas during 1988..........................  15
Table IV The a f fe c t  o f the tim ing o f the la s t  i r r ig a t io n
on l i n t  q u a l i ty .  Keiser, Arkansas, 1987..................  15
i i i
INTRODUCTION
H is t o r i c a l l y ,  cot ton has been a major c o n t r ib u to r  to the 
economy o f  the mid-south United States. When i n d i r e c t  economic 
benef i ts  are considered, b i l l i o n s  o f  d o l la rs  o f  economic a c t i v i t y  
each year can be a t t r ib u te d  to the production o f  cot ton in the 
M iss iss ipp i  Delta (Daniels, 1989). However, with f a l l i n g  pr ices 
and increased competi t ion from fore ign competi tors,  there is  an 
urgent need f o r  more a t ten t io n  to a l l  aspects o f  production, 
inc lud ing precise i r r i g a t i o n  management. The add i t iona l  e f f i ­
ciency necessary fo r  cotton producers to e f f e c t i v e l y  compete in 
world markets at current p r ices,  w i thout the aid o f  government 
farm programs, can be achieved by lower production costs, higher 
y ie ld s  or combinations o f  the two. Improved i r r i g a t i o n  management 
w i l l  con tr ibu te  s i g n i f i c a n t l y  to achieving these goals. Several 
addi t iona l  benef i ts  should also accrue from more e f f i c i e n t  i r r i g a ­
t io n  management and ear ly  i r r i g a t i o n  (and crop) termination tha t  
are not e a s i ly  defined in economic terms. These include less 
environmental contamination due to a reduction in the use o f  la te -  
season pest ic ides ,  the reduced insect problems.
Water stress a f fec ts  p r a c t i c a l l y  every aspect o f  p lant growth 
and is  the most important s ing le  fa c to r  l im i t i n g  crop p ro d u c t iv i t y  
and y ie ld s  throughout the world. Therefore, large increases in 
production are possible through e f f i c i e n t  management o f  ava i lab le  
water resources. The detect ion o f  water d e f i c i t s  to which crops
1
are subjected is v i t a l l y  important fo r  p red ic t ing  crop responses 
to s tress, implementing crop management decisions, and maximizing 
water use e f f ic ie n c y .
I r r i g a t i o n  has been used fo r  centur ies to overcome water 
st ress in p lants .  In the past, i r r i g a t i o n  t iming was based mainly 
on so i l  water status and not so much on p lant water. Tensiometers 
are popular instruments fo r  measuring so i l  water po ten t ia l  and are 
used fo r  i r r i g a t i o n  scheduling. They do, however, have l i m i t a ­
t ions  associated wi th the narrow range o f  so i l  water po ten t ia ls  in 
which they operate. Various computer models are ava i lab le fo r  
p red ic t ing  i r r i g a t i o n  requirements. The most s im p l i s t i c  of  these 
use an estimate o f  evapotranspirat ion and a crop fa c to r  (Fereres 
et a l . ,  1981) and others include an estimate o f  the so i l  water 
budget. However, the in teg ra t ion  o f  plant  ind ica to rs  o f  water 
stress with measurements o f  so i l  water should be even more ac­
curate and fu r th e r  improve i r r i g a t i o n  scheduling.
Obviously, the e a r l ie s t  detect ion of  the onset of  water stress 
in crops is  h igh ly  desi rable in order to i r r i g a t e  in time to 
o f f s e t  possible de leter ious e f fec ts  of  the stress (Bradford and 
Hsiao, 1982). However, a p rerequ is i te  fo r  a useful ind ica to r  of  
water stress is  tha t  the response be sens i t ive ,  eas i ly  recog­
nizable and re l i a b le  (Oosterhuis, 1988). Our understanding of 
p lant ind ica to rs  of  water stress has increased wi th research in 
recent years and several could have prac t ica l  value in crop water
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management. The most dramatic and eas ily  recognizable ind ica tors  
o f water stress are changes in le a f  o r ie n ta t io n ,  w i l t in g  and 
senescence. However, senescence and w i l t in g  ind ica te  a serious 
depletion o f so il water, and a s ig n i f ic a n t  reduction in y ie ld  may 
have already occurred by the time these ind ica tors  are v is ib le .  
Therefore, they serve no p rac tica l purpose as early  ind ica to rs  o f 
water stress.
T ra d i t io n a l ly ,  i r r ig a t io n  and the research tha t accompanies 
i t ,  have been confined to the a r id  areas in the western USA. In 
the past decade, however, there have been dramatic increases in 
the area under i r r ig a t io n  in the humid mid-south. Furthermore, 
short periods of drought frequently  occur in the mid-south, 
despite the summer r a in f a l l ,  and these can have considerable 
detrimental influence on cotton y ie lds  and l i n t  q u a l i ty .  Research 
on i r r ig a t io n  fo r  cotton, however, has not kept pace w ith the 
increased acreage under i r r ig a t io n  or the demand from producers 
and extension personnel. Further research is  obviously required 
to improve i r r ig a t io n  techniques fo r  cotton in the humid Delta 
region.
A. Purpose and Objectives
This study was designed to address some o f the more urgent 
problems concerned with improving i r r ig a t io n  practices and water 
use e f f ic ie n c y  fo r  cotton in the humid Delta. The research deals 
s p e c i f ic a l ly  with the re la t ionsh ip  between so il moisture d e f i c i t
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and plant water stress, the value of  plant ind icators o f  water 
st ress,  and the optimum t iming of  the la s t  i r r i g a t i o n .  The 
resu l ts  should be of  immediate use to cotton producers and cooper­
at ive extension services fo r  improving crop management. Specif ic  
ob ject ives are:
(1) Determine the re la t ionsh ip  between so i l  moisture d e f i c i t  and 
plant  water stress fo r  cotton cropped on Sharkey clay s o i l .
(2) Evaluate a l te rna t ive  scheduling methods on cotton, including 
potentia l  plant ind icators of  the onset of  water stress.
(3) Determine the optimum t iming of  the la s t  i r r i g a t io n  of  cotton 
in re la t ion  to y ie ld  and l i n t  qu a l i ty .
B. Related Research and A c t i v i t i e s
Successful crop production in temperate cl imates re l ie s  
heavi ly  on the early  i d e n t i f i c a t io n  of  plant water stress fo r  
improved water use e f f ic ie ncy  and maximum crop y ie lds .  However, 
controversy ex is ts  as to when the onset of  water defic iency occurs 
and how r e l i a b ly  i t  can be used to determine crop water requ ire­
ments (Bradford and Hsiao, 1982).
D i f fe ren t  c r i t e r i a  have been used fo r  i r r i g a t io n  scheduling, 
with many techniques involv ing estimates of  so i l  water status with 
tensiometers, gypsum blocks, and neutron probes. However, 
research has indicated that  the most re l ia b le  ind icators o f  crop 
water status fo r  i r r i g a t i o n  purposes are those that  involve plant-  
re lated measurements (Kaufmann, 1968; Clark and H i le r ,  1973;
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Oosterhuis and Walker, 1987). Direct assessment of plant water 
status represents an integrated average fo r the atmospheric 
demand, soil-water potentia l, rooting density and d is tribu tion , as 
well as other crop characteristics (Kramer, 1969).
Many plant indicators of water deficiency have been proposed 
fo r use in irr ig a tio n  scheduling. Leaf temperature as a measure 
of plant water d e f ic it  was used by H iler and Clark (1971) and 
H iler et a l. (1974), who proposed a "stress day index" to assess 
crop water status. This concept used a plant-based water d e fic it 
measure, such as lea f water potential or canopy-air temperature 
d iffe re n tia l,  and a crop sen s itiv ity  factor to assess the severity 
of water stress. Although H iler and Clark (1971) ea rlie r proposed 
lea f temperature as one possible indicator of plant stress, leaf 
water potential was la te r suggested as a superior indicator of the 
onset of water d e f ic it  conditions (H iler and Howell, 1983). Leaf 
water potential has been used as an indicator of crop water stress 
in wheat and soybeans (Meyer and Green, 1980) and cotton (Grimes 
and Yamada. 1981). However, leaf water potential exhibits con­
siderable da ily  fluctuations which may diminish its  usefulness for 
ir r ig a tio n  scheduling.
Idso et a l. (1977) proposed canopy-air temperature differences 
as a stress indicator. This technique was subsequently refined 
(Idso et a l., 1981) to incorporate vapor pressure d e fic it  which 
ultim ately developed into an environmentally responsive indicator
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of plant stress. The crop water stress index derived via th is  
technique has progresses into a sta te-o f-the-art tool fo r schedu­
ling  irr ig a tio n  in the semi-arid and arid western regions of the 
United States (Jackson, 1982).
The usefulness of stomatal response as an indicator of the 
onset and development of water stress has been proposed (Ooster- 
huis and Walker, 1987). Since stomata play an integral part in 
regulating carbon dioxide uptake fo r photosynthesis, monitoring 
stomatal opening has the advantage of indicating changes in plant 
water status which are d ire c tly  related to crop productivity 
(Bradford and Hsiao, 1982). However, some disagreement exists as 
to the usefulness of stomatal resistance as an indicator of plant 
water stress. Hsaio (1973) considered stomata to be re la tive ly  
insensitive to mild water stress and only moderately sensitive to 
more severe stress. Ackerson et a l. (1977) considered stomatal 
resistance an unreliable estimate of plant water status in cotton. 
In contrast, Adjei and Kirkham (1980) found stomatal resistance in 
wheat to be a better indicator of drought resistance that either 
lea f water potential or canopy temperature. Generally, methods of 
measuring stomatal resistance have not been very satisfactory, due 
in part to the nature of the early equipment used, large sampling 
v a r ia b ility ,  and a lack of understanding of the stomatal mechanism 
(Bradford and Hsaio, 1982).
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Changes in leaf coloration have been identified as indicators 
of water stress on a limited number of crops (Jones, 1979; Ooster- 
huis et a l ., 1987). For example, wheat leaves and culms may show 
a s ligh t blue appearance, while pea leaves show an increased blue- 
green appearance under water stress. However, visual symptoms 
frequently occur after much photosynthetic a c t iv i ty  has already 
been lost and therefore, indicators of th is  type are not s u f f i ­
c iently  sensitive to prevent yie ld losses in agricultural crops.
METHODS AND PROCEDURES
The study was conducted as three separate f ie ld  experiments in 
representative areas of cotton production where ir r ig a t io n  has 
been recently introduced.
A. Soil moisture d e f ic i t  and plant response
This t r ia l  was planted on May 1, 1988 at the Northeast 
Research and Extension Center in Keiser, Arkansas, on a Sharkey 
clay soil (Vertic Haplaquepts). The cotton cu lt iva r was Stone- 
v i l le  506. Treatments consisted of 1, 2, and 3 inch soil moisture 
de f ic its  (SMD) and a non-irrigated (dryland treatment). I r r ig a ­
tion was applied using a lateral move overhead ir r ig a t io n  system. 
The soil moisture de f ic its  were monitored using tensiometers, 
placed at a depth of 0.3 m in each plot, and a computer water 
balance model. The plots were defoliated with Dropp (thidiazuron) 
(N-phenyl-N'-1,2,3-thiadiazol-5-ylurea, Nor-Am Chemical Company,
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Wilmington, DE) and Folex (S,S,S-Tributyl-phosphorotrithiote, 
Rhone-Poulenc Ag Company, Research Triangle Park, NC) when 60% of 
the bolls were open, and harvested two weeks la te r with a 2-row 
spindle picker.
B. Plant indicators of the onset of water stress
This study was conducted at the main experiment station in 
Fayetteville on a Captina s i l t  loam (Typic Fragiudults). The 
cotton cu lt iva r Stoneville 506 was plant on May 17, 1989 in rows 5 
m apart with approximately 10 plants m-1. The plot layout con­
sisted of a well-watered treatment and a water-stressed treatment, 
with 4 replications.
A variety of d iffe ren t crop indicators of the onset of water 
stress for ir r ig a t io n  scheduling were compared. The measurements 
recorded, and the instrumentation used, included:
(a) Leaf water potential (leaf pressure chamber).
(b) Leaf elongation/expansion growth (ru le r).
(c) Stomatal resistance (steady state porometer).
(d) Stem red coloration (ru ler and visual estimate).
(e) Canopy temperature (handheld infrared thermometer).
( f)  Soil moisture tension (tensiometers).
The water d e f ic i t  was in it ia te d  at peak flowering, about 15 
weeks after planting, by withholding ir r ig a t io n  until a severe 
stress had developed. Measurements of plant-water status using 
the instruments lis ted  above commenced a week prior to the start
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of the stress period and continued at two day in tervals fo r three 
weeks. A ll measurements were taken at the same time each day 
between 1100h and 1300h to prevent possible diurnal variations 
(Parsons and Kramer, 1974).
A ll plant measurements were made using uppermost fu l ly  ex­
panded leaves. Measurements of lea f water potential with the 
pressure chamber (PMS, Corvallis, OR) were made by f i r s t  covering 
the leaves with a moistened p lastic  bag prio r to excision to 
prevent evaporative losses, measurements were made on three 
leaves from each p lo t. Stomatal resistance was measured using 
LI-1600 steady state porometer (Licor Inc, Lincoln, NE) on five 
leaves from each p lo t. Canopy temperature was measured using a 
hand held infrared thermometer (IRT) (Everest Interscience Inc., 
Fullerton, CA) by taking 10 readings from each side of each plot. 
Leaf elongation of young expanding leaves previously marked with a 
black f e l t  t ip  pen was recorded using a ru ler to measure the 
length from the point where the petiole joined the leaf to the 
leaf t ip .  Stem red coloration was measured using a ru ler to 
record the extent of the red color from the top of the stem. 
Tensiometers were placed at a depth of 0.3 m alongside the center 
row in each plot and read using a pressure transducer.
C. Optimum timing of the last ir r ig a t io n
This study was conducted in 1988 and 1989 at the North East 
Research and Extension Center at Keiser, NW Arkansas, on a Sharkey
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clay (Vertic Haplaquept). The cotton (cu ltivar Stoneville 506) 
was planted during the f i r s t  week of May each year in rows 1 m 
apart with a plant population of approximately 80,000 plants ha-1. 
Plot size was 50 m x 6 m. Treatments consisted of four times of 
ir r ig a t io n  termination; (1) 10-days prior to f i r s t  open bo ll, (2) 
at f i r s t  open bo ll, (3) 10-days after the f i r s t  open bo ll, and (4) 
20-days after the f i r s t  open bo ll. Treatments were defoliated 
when 60% of the bolls were open, and harvested three weeks late 
using a two-row spindle picker. One-meter row samples were taken 
from each plot prio r to harvest to determine the components of 
yields (boll number and boll weight). These samples were also 
used for f ibe r quality analysis.
PRINCIPAL FINDINGS AND SIGNIFICANCE 
The large year-to-year v a r ia b i l i ty  in weather commonly ex­
perienced in Arkansas necessitates that these studies be conducted 
over several years, and the results given here are, therefore, 
only preliminary observations.
A. The relationship between soil moisture d e f ic i t  and plant water 
stress for cotton cropped on Sharkey clay soil 
Two seasons of data have helped to c la r i fy  the relationship 
between soil-moisture d e f ic i t  and plant stress, especially as 
relates to y ie ld , for cotton cropped on a Sharkey clay so il.  
Results are presented in Table I. Emergence date was May 16,
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1988. The 1988 crop was expected to be severely affected by 
drought. However, due to the timing of the drought and the 
drought tolerance properties of the cotton plant, farmers who had 
su ff ic ien t soil moisture to achieve an adequate stand generally 
obtained good yields, even without ir r ig a t io n . This situation was 
reflected in the non-irrigated treatment which averaged 1.8 
bales/acre. Average yields for the irrigated plots in the same 
experiment ranged from 2.1 bales/acre to 2.2 bales/acre, and did 
not appear to be influenced by the total amount or timing of the 
ir r ig a t io n  (within the lim its  of the study). The study is to be 
continued and compilation of data from several years may show more 
s ign ificant trends.
Table I
Cotton Yields as Affected by Varying Soil Moisture Defic it
Soil moisture 
d e f ic i t  ( in .)
Total applied 
water ( in .)
Average yield 
(bales/acre)
1 14 2.23
2 9 2.12
3 7 2.14
N.I. 0 1.79
B. Evaluate alternative scheduling methods on cotton.
The effect of increasing water d e f ic i t  on cumulative leaf 
extension, leaf water potential, and crop-air temperature d i f f -
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erence is presented in Figure I. The increasing severity of the 
water shortage is clearly shown in the decreased lea f growth, 
increasingly negative water potential and the increased DT. The 
onset of water stress could be easily monitored in a ll three of 
these parameters by the f i r s t  s ign ifican t differences when com­
pared to the unstressed control (Figure I ) .  The relationships 
between lea f water potential and DT and also between lea f water 
potential and stomatal resistance are given in Figure I I .
Leaf water potential proved to be a very good indicator of 
crop water status with potential fo r irr ig a tio n  scheduling. The 
use of lea f water potential in irr ig a tio n  scheduling is increasing 
in C a lifo rn ia . However, further research is needed to adapt th is  
indicator to the humid south cotton growing areas. Stomatal 
resistance, on the other hand, was not a good indicator of water 
stress as has been reported by other researchers, probably because 
cotton stomates are more adapted to drought. Measurements of 
canopy temperature with the handheld infrared thermometer were 
comparable with those of leaf water potential (Figure I) .
Tensiometer readings of soil moisture tension were not very 
satisfactory because of the lim ited range in which they operate 
and also the d i f f ic u lty  of getting a representative reading from a 
f ie ld  p lo t. The upkeep of these instruments has been reported to 
be a practical problem.
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Measurements of le a f elongation proved to be a sensitive 
ind icator of water stress as would be expected (Figure I I ) .  This 
was to be expected because the f i r s t  a ffect of water stress is on 
ce ll expansion (Hsiao, 1973) and th is  would be reflected in lea f 
size. However, although these measurements are of great use in 
water-relations research, they are of l i t t l e  practical value.
The red coloration of the upper main-stem internodes have 
often been cited by farmers as an indication of the onset of water 
stress. When our measurements of th is  were compared with the 
other indicators (taken at the same time) a reasonable agreement 
was found. The problem with th is  measurement is that i t  is so 
variable and subjective that i t  is d i f f i c u l t  to be precise and 
have confidence in the measurement. Furthermore, the red co lo r­
ation can also be influenced by temperature and nitrogen status. 
The red coloration may have some value as a "backup" or c o n f ir ­
matory measurement to be used along with lea f water potential or 
canopy temperature.
These studies have c learly  shown the potential that plant 
indicators have for detecting the onset of water stress. With 
further refinement selected plant indicators could be used in 
conjunction with existing methods to improve ir r ig a t io n  management 
and water use e ffic iency.
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C. The optimum timing of the last ir r ig a t io n  of cotton in re la ­
tion to yield and l i n t  quality
The timing of the last ir r ig a t io n  on cotton did not have any 
s ign ificant affect on cotton yields in 1988 and 1989 (Table 2). 
There was a s ligh t trend for the early termination date to have 
the lowest y ie ld , and the f i r s t  open boll termination date to 
result in the highest y ie ld . Seasonal ra in fa l l  patterns had a 
major influence on these results. This t r ia l  w i l l  need to be 
repeated for a few more years on other soil types in order to 
obtain a more meaningful conclusion.
Table I I
Summary of Seed Cotton Yield as Affected by the Timing of the Last 
Irr iga tion  at Keiser, Arkansas during 1988 and 1989
1Values within a column followed by a similar le t te r  are not 
s ign if ican tly  d iffe ren t at the 0.05 level of probability.
Timing of the last ir r ig a t io n  also had no s ign ificant effect 
on the components of y ie ld (Table I I I ) .
14
Time of ir r ig a t io n  
termination Seed cotton y ie ld (kg/ha)
1988 1989
10 days prio r to f i r s t  open boll 2337 a1 2790 a
f i r s t  open boll 2468 a 3004 a
f i r s t  open boll +10 days 2424 a 2861 a
f i r s t  open boll +20 days 2383 a 2844 a
Table I I I
Components o f Y ield fo r  I r r ig a t io n  Termination Study 
Keiser, Arkansas during 1988
Time o f i r r ig a t io n  
term ination
Boll number 
(/m2)
Number o f 
plants (/m2)
Yield
(kg/ha)
Open bo ll -10 days 79 a1 15 a 2790 a
Open bo ll 82 a 14 a 3004 a
Open bo ll +10 days 75 a 14 a 2861 a
Open bo ll +20 days 77 a 14 a 2844 a
1Values w ith in  a column followed by a s im ila r  le t t e r  are not 
s ig n i f ic a n t ly  d i f fe re n t  at the 0.05 level o f p ro b a b i l i ty .
L in t q u a l i ty  in 1988 was not s ig n i f ic a n t ly  affected by the 
tim ing o f the la s t  i r r ig a t io n  (Table IV). This was s im ila r  to the 
lack o f a f fe c t  on y ie ld .  As w ith y ie ld s ,  the r a in fa l l  during the 
season influenced the re su lts  and the t r i a l  should be repeated fo r  
a few more years in order to obtain a meaningful conclusion.
Table IV
The A ffe c t o f the Timing o f the Last I r r ig a t io n  on L in t Quality
Keiser, Arkansas, 1987
Treatment
Micron-
a ire Length
U n ifo r­
mity Strength
10 days p r io r  to 1st open boll 4.23 a1 1.19 a 84.3 a 26.3 a
F irs t  open bo ll 4.25 a 1.18 ab 83.1 b 25.4 a
10 days a f te r  1st open bo ll 4.13 a 1.15 b 83.7 ab 25.9 a
20 days a f te r  1st open bo ll 4.16 a 1.17 ab 84.5 a 25.8 a
1Values w ith in  a column followed by a s im ila r  l e t t e r  are not 
s ig n i f ic a n t ly  d i f fe re n t  at the 0.05 level o f p ro b a b i l i ty .
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CONCLUSIONS
These studies have provided useful information fo r  improved 
i r r i g a t i o n  management in cot ton.  However, the nature o f  the 
research and the e f fe c t  o f  seasonal weather patterns necessitates 
tha t  the conclusions are only pre l iminary  and tha t  the research 
should be continued fo r  a number of  years on other so i ls  with less 
c lay. On the Sharkey clay so i ls  i r r i g a t i o n  d e f i c i t s  o f  one to 
three inches had no detr imental e f fe c t  on cotton y ie ld .  There 
was, however, a s ig n i f i c a n t  y ie ld  decrease in the dryland t r e a t ­
ment. Timing o f  the la s t  i r r i g a t i o n  did not have any e f fe c t  on 
the y ie ld  or f i b e r  q u a l i t y  of  cotton grown on the Sharkey clay.  
Both these resu l ts  are probably re la ted to the high moisture 
holding capacity o f  the Sharkey clay.  Production inputs during 
la te  season crop management are numerous and expensive in cotton 
and a l l  these have a s ig n i f i c a n t  inf luence on matur i ty ,  q u a l i ty  
and possible contamination of  the environment. For th is  reason i t  
is  essential that  th is  type of  research be continued with the 
incorporation o f  more so i l  types.
Although water d e f i c i t  stress e l i c i t s  a plethora of  plant 
responses, only a few of  these are p o te n t ia l l y  useful as i n ­
d ica tors of  crop water stress fo r  i r r i g a t i o n  scheduling. Among 
the most useful o f  these are measurements o f  le a f  water potentia l  
and canopy temperature. Measurements of  so i l  water status in 
conjunction wi th plant  ind ica tors of  water stress should provide
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the most re l ia b le  means o f monitoring crop water status and 
determining crop water requirements.
Successful i r r ig a t io n  practices require the in tegra tion  of 
sound management techniques suited to each p a r t ic u la r  crop and 
environment. A be tte r understanding o f the i r r ig a t io n  requ ire ­
ments o f the crop w i l l  not only improve management e f f ic ie n c y ,  but 
w i l l  also have a very s ig n if ic a n t  d o l la r  reduction in the cost of 
production o f  the crop.
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Figure I .  The e f fec t  o f  increasing water d e f i c i t  on cumulative 
le a f  extension, le a f  water po ten t ia l ,  and c rop-a i r  temperature 
d i f f e r e n t i a l .
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Figure I I .  The re la t ionsh ips between lea f  water potentia l  and 
stomatal resistance, and le a f  water potentia l  and c rop-a i r  temper­
ature d i f f e r e n t i a l .
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